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eContinuously Operating Reference Stations
eOnline Positioning User Service

-
eNAD83 2007 Readjustment .
eHeight Modernization Program

eGrav-D Project .
eNGS 10 Year Plan :

WWW.Ngs.noaa.gov
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National Spatial Reference System (NSRS)

NATIONAL GEODETIC SURVEY

Latitude
Longitude
Height
Scale
Gravity
Orientation
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www.ngs.noaa.gov/CORS/

NATIONAL GEODETIC

National and Cooperative CORS

Products/Services Data Sheets Search

opus | coop cors | map | newsletter | standard download | ufcors | coordinates
CORES fitp in Silver Spring, MD | COES fitp in Boulder, CO

| EnterSitelD |

CORS Coverage

Newsletter
Downloads
Site Metadata
General Information

H* wosamcs

- NOAAGED
& STATE
m NDGFS

Cooperative CORS =y
®* FeEC

California CORS ® NEG
& OTHER

Instructions
GPS Links
Utilities

CORS Home

Contact Us

Symbuol color denotes sampling |-..a'bes:t1 sec) (5 sec) {15 2ec){30 sec) D=com



NATIONAL GEODETIC SURVEY
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Plate Boundary Observatory

GSN GPS Upgrade
Cluster GPS
Backbone GPS
Volcano GPS
Borehole strainmeter
Laser strainmeter




The Utah Reference Network GPS (TURN GPS)

THE UTAH REFERENCE NETWORK GPS
(TURN GPS INSTALLED)

Base Stations
Phase, Installed Network

@ onE o Ingtalled === Installed
| Two ——— Allothers
Installed

El THREE




National Geodetic Survey - CORS @

National CORS | Cooperative CORS | Antennas | Questions/Comments

NEW and OFFICIAL
Guidelines for Establishing and Operating CORS - 2006 Feb 26

Joining the Continuously Operating Reference Station (CORS) Network
For BOTH National and Cooperative CORS

Orienting/Leveling Devices
Required Receiver and Antenna Codes
NGS Station Log Checker { updated Nov 20, 2007 - pease give us feedback )

Guidelines for New and Existing Continuously
Operating Reference Stations (CORS)

National Geodetic Survey
National Ocean Survey, NOAA

Silver Spring, MD 20910
February 2006

somoms,
D,
é . National Oceanic and Atmospheric Administration




Online Positioning User Service

(OPUS

Ouline Positioning User Serviee

L

OPUS Upload | ¥What is OPUS | Using OPUS | Recent Solutions | Fays | Privacy Policy | OPUS Policies | Comtact OPUS

What is OPUS |Furthuse of you that have shorter data-sets, please try OPUS Rapid Static. I
1 |wiHiam stone@noag.gov ,
Using OPUS Enter your email address

Recent Solutions 2. IC\DDcumen(s and Setiingsiwilliam Stoneihy Documents\NGSY  Browss

Enter your DATA file Now accepting RINEX and selected receiver formats

FAQs Data files may also be compressed (ZIP, .zp, .Z, .gz)

= 3, [aSH701975 018 Geodstic IV, Rev B = |
OPUS Policies
Select the antenna type J—
h Pacific

=2

North
- . Jcean |
OPUS - RS 420 meters 5. Options. I %EE“;E
I Enter the antenna height If desired, select from several options to modify the basic OPUS procedures
Contact OPUS
. México
Recent Developments UplQad File
[hug 22, 2007] ' d ,
§;L’ oREeEiny Your data must be dual frequency data (L1 and L2)and a minimum of 2 hours of observations is recommended ,
SULRUE on Vour collection rate must be 1,2,3,5,40,15 or 30 seconds
OFUS Options OPUS decimates 3l dats to 2 30 second rate
page Venezuela
[Jul 3, 2007] "
Have you | Colombia

S R R N [ -

Eoie




Online Positioning User Service ™

NATIONAL GEODETIC SURVE! ( 0 P U S )
o - ZOLE = o | % —
in I/ Il'll' II '.

eSubmit GPS data to OPUS Web S|te

eProcessed automatically on NGS computers

eUses 3 CORS; up to 9 CORS (OPUS-RS)

eSolution via email - in minutes

eFast, easy, consistent access to NSRS -
“Datasheet of the Future” (Peter Lazio)



Ouline Positimu]lg User Service

u
OPUS Upload | What is OPTS | Using OPUS | Fags OPUS | Recent Solutions | What is OPUIS-RS | Using OPUS-RS | Fays OPUS-RS | Privacy Policy | OPUS Policies | § e — I I l a I I

What is OPUS

Using OPUS

Recent Solutions

FAQs

FAQs - OPUS-RS

OPUS Policies

Contact OPUS

L. lwilliam stone@noaa gov

Enter your email address

2. |C\Documents and Setingsibstongibdy Documents\DATA0391)
Enter your DATA file Now accepting BINEX and selected recemwer formats.
Data files may also be compressed { ZIP, .op, .Z, .gz)

antenna type

3. [TRH41245 00
oelect the antenna type

4120 _?meters

Enter the antenna height

antenna

Recent Developments
[Feb 10, 2008] 4/
\OPUS-RS now ‘
|using version
[1.19, rsgps
[1.19
|[Dec s,
2007] V|

height

‘four data must be dual frequency (L1 and L2), cortain betvween 15 minutes and 4 hours of cbserwati

_ SCIT Zephyr Geodstic +5CIGH 'tall' =

Options

It deswred, select from several options to modify the basic OFT3 4

Upload to OPUS

observation

file

have 3 collection rate of 12251015 or

Upload to OPUS-RS

kta rust be dual frequency [L1 and L2), cortain =t Iea@ns and

hawve = collection rate of 1,2,3,5,10,15 or 30 seconds.

options

OPUS
(2 hr)
OPUS-RS
(15 min)




How are OPUS Positions Computed? .

NATIONAL GEODETIC SURVEY

CORS B
e Jonospheric-free solution
e Tropospheric scale height adjusted

CORS A

e Fixed ambiguities —o.e
e Average of 3-9 unique CORS ties ™
e [TRF & NADS83 coordinates/errors

CORS C
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RINEX FILE:
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eNADS83 & ITRF solutions - X,Y,Z & lat/long/height
eOrthometric height — derived from geoid model
eError estimates

" XF FRAME :
0. 011({m)
1. 018 (m)
0. 011Cm)

E LOH:
W LON:
EL HGT:

ORTHO HGT: 230 . 473 4-mu 0,073 4|m- [GeoidD3 HAVDEE]




NAD83 UTM & SPCS:
eEasting/Northing
eConvergence
ePoint scale factor
eCombined scale factor
(SPC in feet may be available in Extended Output)

eUS National Grid Designator

UTH iz IF]:IIIIHTE_ _TJ.-.I.TE PI.J.—.I.ITE ] IFDIHHTE_-
v = 3 2 IH Ca
Horthing l T [meter=] ]
Ea.:f 111:[ [ [mEeter=]
[degree=s]

Comhb 1nn—-:1 FE!.l:t or
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Ohline Positioning User Service

NATIONAL GEODETIC SUR
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Ohline Pos:itiom'ng User Service

NATIONAL GEODETIC
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Ohline Pos:itiom'ng User Service
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OPUS Usage Apr2007 - Mar2008
Total = 172,171

3.69%
14.26%
11.88%

5.33%
13.44%

B o 123m 4r41%

02550 10 1= ‘ o
== ———— " Whitsitt 040108




OPUS-Database (OPUS-DB) -

NATIONAL GEODETIC SURVEY

e streamlined method for users to publish their results
e user registration -ID/password & validation process |
e submission review by user and NGS

'
I |

NGS website:
OPUS-DB Coming Soon!

; E National Oceanic and Atmospheric Administration

k4 DATASHEET



OPUS-Projects

e project planning / monitoring

e automated file management e
e review repeat measurements
' » network adjustment

| o publish in NGS database

.
o,
..............................................................

1. Select a Session == 2. Designate Stations =~ 1a. Fix Station
0627 4-A Ka Chonse & Station &/ L2 ]
NFEPA7FE-A =N I -

2b. Hub Station

I:ZI:I".,."IJ

My | |]|||i|—I
I+—}}J rrdol
ILJ flib

3. Click | PROCESS



OPUS-Mapper

NATIONAL GEODETIC SURVEY

range solutions
e single frequency observations

e kinematic trajectories computed

e accuracy appropriate for mapping/GIS
generate shapefiles




NADS83 Evolution - 2007 Readjustmeﬂ

NATIONAL GEODETIC SURVEY

e Original NAD83 Adjustment
nationwide
1986

e High Accuracy Reference Networks
state-by-state
1987-1997

e Height Modernization / Federal Base Network
state-by-state :
1997-2003
CORS ties




The National NADS83 Readjustment‘

NATIONAL GEODETIC SURVEY

e Completed February 10, 2007 (NGS’ 200t" birthday)
e CORS provided the control/constraints

e Federal/Coop Base Networks (HARN) tied to CORS
e User Densification Network tied to HARN

GPS projects only - > 300,000 vectors B
> 67,000 stations |




NATIONAL GEODE?

National Oceanic and Atmospheric Administration

NADS83 Readjustment

U.S5. HARN

4 A-Order Control

+ B-Order Control

‘ eeecoccoe

NADS3 (2007 ) s
nationwide




NAD83 ReadJustment Coordinate Shifts

") Horizontal Average Change

(Meters)
g | ] o0.008-0.014
| el R R . |o0015-0.025
UTAH: 310 stations o
H shift: max = 6.9cm, avg = 3.0cm 0204

V Shlft: maX — 15.9cm’ an — 1.9cm Produced Feburary 12, 2007




NAD83(2007) Datasheet

NATIONAIHCO523 CEN — Thi= i= a Cooperative Base Network Control Station.
HODS23 DESIGHNATICH - EBRYCE
HOOSZ23 PBID - HOQL23
HOO523 STATE/COUNTY- UI/GARFIELD
HOODESZ23 USG5 QUAD - BEYCE CANYOMN (19&&)
HOOS23
HOOS23 *COREENT SURVEY CONTROL

FIDCIEEE 00 0000000000000 06000600000000000060000000000000000000000000000060006060060600600000

ﬂDG523i NAD 83(2007)- 37 42 14.14393(N) 112 09 13.83347 (W) ADJUSTEDE
E—IDGEEEW.ﬁﬁ‘:?t].&ﬁ'.............&3’2“‘““.3....1:&.2.1:.&.1'..3.]..... E.&b........rféé;: ....P.g.ééé.
HOO523

HOOS523 .EPDCH DATE - 2002.00 3

HOD523 ~cccrsorrerr oo sy oant vt e 188 imeters) COME
HOO523 ¥ - -4,681,276.616 [(meters) CCHP
HOOS23 2 - 3,880,908.208 (meters) CCHE
HOO523 LAPLACE CCRR- 0.12 (seconds) DEFLECSS
HOOS523 ELLIP HEIGHT- 2308.811 (meters) (02/10/07) ADJUSTED
HOO523 GEOID HEIGHT- =19.95 [(meters) GECIDO3
HDOEEE ...0...0...0...0..O...0...00..0...0...0...0..O...O...0...00..0...00..0...
HGOEEB{ ——————— bocuracy Estimates (at 8953% Confidence Level in cmy ———————-— E
HOO523 ¢ Type FID Designation Horth Ea=st Ellip:
HOOZ23 ; —-—————————————————V——— :
HO0523 ; NETWORE HO0523 BRYCE Q.58 0.43 1.20;
HODE 2 | mmm e .

HOOS523

HOOL23.The horizontal coordinates were established by GPS observations
HOOS23.and adjusted by the National Geodetic Survey in February 2007.
HOO523

HOOS23.The datum tag of HAD 83 (2007) is eqguivalent to HAD 83 (NSR52007) .
HOOLZ23.5ee National Readijustment for more information.

HODS23.The horizontal coordinates are valid at the epoch date displayed above.
HOOL23.The epoch date for horizontal control i=2 a decimal equivalence
 HO0523.o0f Year/Month/Day.

| HOO523

HOOL23.The orthometric height was determined by GPS observations and a
HOOLSZ23 . high-rezolution geoid model.




NAD83(2007) Datasheet

HOO523; Horth East Units Scale Factor Converg.
NATIONAIHCOS523;5PC UT 5 = 301G 3R ETh 445344 409 MI 0.859995227 -0 24 02.2
HOOS523;UTH 12 Crgiec- S B s BT B 358,288,025 MT 0.89972742 -0 42 20.8
HOOS523
HOO523! — Elev Factor =® Scale Factor = Combined Factor
HOOS23'5PC UOT 5 N 0.99963783 x 0, 999895237 = 0.5899559012
HOO523'UTM 12 - 0.99963783 x 0.99972742 = 0.89938535
HOOS23
HOOS523: Primary Azimumth Mark Grid Az
BO0523:5PC. UT 5 - WVAT 2 083 159 05.8
HOOS23:UTM 12 - VAT 2 083 37 24.2
HOOS523
B2 |
HOOS523]| PID Reference Cbhject Distance Feod. Az |
HOO523] dddmm=ss.= |
HOOS523]| HOOS17 VAT 2 APPROX. &.7 FM 0B25503.6 |
HOOS523]| CH2805 BRYCE EM 2 11.1&7 METERS 05230 |
HOO523] AR3663 BRYCE AZ ME 2 APPRCX. 0.6 EM 206052E8.2 |
HOOS523| CH2804 BRYCE EM 1 16.265 METERS 35633 |
RS2l —————————————-——————-—-——————— e e |
HDG523 ..0.0...O...0...0...0...0...0......O...O...O...O...O...O...0......0...0....
HOOS523 f SUPERSEDED SURWVEY CONTROL 2
HOO523 o .
HO0523 ; ELLIF H (11/14/01) 2308.816 (m) =E | | - 52
HOOS523 ¢ NAD 83(1994)- 37 42 14.14313(N) 112 05 13.83188 (W} AD( y B o
HOD523 ¢« ELLIF H (04/21/85) 2308.300 (m) =E | - i
HOOS523 ENAD 83{1986)— 37 42 14.14074 (NH) 112 05 13.84081 (W} AD( y 2 E
HOOS523 « NAD 27 - 3T 4214 .20545(H) 112 0% 11.13670 (W) AD( ¥ o
HOO523 < HGVD 29 (07/1%/86) 2327.4 (o) Ta3E6. (£} VERT ANG ;

HDG523 ....O...O...00..00..00..0...0......O...00..00..00..0...0...0..0...00..00...
HOOS523.5uperseded walues are not recommended for survey control.

HOOS523.HGS5 no longer adjusts projects to the NAD 27 or NGVD 29 datums.
HODS523.5ee file d=adata.txt to determine how the superseded data were derived.
HOO523

'HOO0523 U.5. NATIONAT GRID SPATIAL ADDRESS: 125UGS5828873593 (MAD B3)

HOD523 MARKER: DD = SURVEY DISKE




Height Modernization is ...

NATIONAL GEODETIC SURVEY

establishment of accurate, reliable elevations using:

- GPS technology

— conventional surveying (differential leveling)
— gravity measurements

— remote sensing (LiDAR)




NATIONAL GEODETIC SURVEY

Modernization
-faster
-cheaper

[
4
¥ -

differential leveling

National Oceanic and Atmospheric Administration




"Height Modernization is ... 4

T—
E

NATIONAL GEODETIC SURVEY

e Technical
— standards & specifications
— geodetic infrastructure
- height modernization projects

e Organizational
— stakeholders
— federal funding/grants for state activities
— program/project management

education

National Oceanic and Atmospheric Administration



Height Modernization Benefits

NATIONAL GEODETIC SURVEY mw

e BETTER ELEVATION DATA SUPPORTS:
- Surveying
- GIS/Mapping
— LiDAR Surface Generation, Terrain Modeling
— Floodplain Management
— Construction
— Engineering
— Public Safety
— Research
— Aeronautical Navigation/Charting
Most Elevation Requirements

VERTICAL CONTROL

s iy W
_‘sr' .t
& bl
5 3 : g ; S :
gva National Oceanic and Atmospheric Administration
% j
R



Height Modernization is a key part of ..
QN

FEMA’'s MAP Modernization Flood Insurance Risk Maps
Elevation Certificates
High Water Marks
Dam Safety

NATIONAL GEODETIC SURVEY
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Height Modernization Appropriations 8
(FYO1-FY07)

NATIONAL GEODETIC SURVEY

Fiscal Year Appropriations States
FY 2001 $2.25 M CA, NC
FY 2002 $3.75 M CA, NC, LA, WI
FY 2003 $3.75 M CA, NC, LA, WI, MS
A, NC, LA, WI, M
FY 2004 $9.0 M CA, Af_’, w;x, sé Sy
A, NC, LA, WI, M
FY 2005 $9.6 M € AL,Cv'v ey S
A, NC, WI, M
FY 2006 $9.9 M A(I:., A C,C;x, v >
EY 2007 $9.9 M CA, NC, WI, MS,

AL, SC, TX, KY, AZ




Height Modernization
Implementation Regions
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Dominant Height Systems in the USA
NATIONAL GEODETIC SURVEY J

e Orthometric
— Colloquially, but incorrectly, called
“height above mean sea level”

Requi .
gg“','{tf,s — On most topographic maps

- Is a >99% successful method to tell which way
water will flow

-
e Ellipsoid l

— Almost exclusively from GPS
- Won't tell water flow / floodplains

e Dynamic
\ — Directly proportional to potential energy:
Requires always tells which way water will flow
Gravity — Dynamic heights are not lengths!

& E ‘ 3 sl :
"4 National Oceanic and Atmospheric Administration



GRAV-D Project:
Gravity for the Redefinition
of the
American Vertical Datum

NGS policy adopted

Nov 14, 2007

- $38.5M over 10
years

Airborne Gravity
Snapshot

- : The GRAV-D Project:
Abs OI u te Gr avi ty i -{h: ﬂra:tr for the Hudu:i:ijtieuﬁ £

Tl‘a C ki n g of the American Vertical Datum

A NOAA contribution to the

Global Geedetic Obsarving System (GGOS)
component of the Global Earth Observation
“Bystem of Systems (GEOSS)

Re-define the Vertical

Datum of the USA by

! Matjonal Oceanie and Atmoapberic Adminieestion Maglonal Oees sop @] i
2 0 l 8 T‘m—-__ ————— —
- - - -




Proposed GRAV-D Flight Pattern

e
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325 kt flight speed

35,000 ft flight altitude
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Monitor Gravity ("Low Resolution Movie"™)

NATIONAL GEODETIC SURVEY —

eMeasure gravity at each point, annually

eModel gravity changes over time
eConvert to geoid changes over time

eUse with CORS to get orthometric height changes over time




National Oceanic and Atmospheric Admmlstratmn
U.S. Department of Commerce e

The National Geodetic Survey
Ten-Year Plan

The mission of NGS 1s herebv understood to be:

1) To define, maintain and provide access to the National Spatial Reference
System to meet our nation’s economic, social, and environmental needs

and

2) To be a world leader in geospatial activities, including the development and
promotion of standards, specifications, and guidelines.

2008-2018




National Spatial Reference Syst#

NATIONAL GEODETIC SURVEY

=0 TH T

*must be more accurate
than activities which build
upon it, while still being

practically achievable



Achieving the Vision: 1 - Geometric Datum

NATIONAL GEODETIC SURVEY

e replace NAD83 with new geometric datum - by 2018
e coordinates & velocities in US datum and ITRF; provide relationships i
e CORS-based, via GNSS
e lat/long/height of defining points accurate to 1 mm, anytime
e 3-D coordinates of GNSS S/Vs @ 1 cm, anytime (<1 cm, after 1 week)
e passive control monuments tied to new datum
» but not a component of new datum
e CORS - 2 tiers: foundation (few) & all others (many)
e CORS coordinates computed & published daily — track changes with time
e modernize CORS sites and access tools as GNSS evolves
e support development of real-time networks

o adss user needs of datum coordinate stability and accuracy

e

g Y%
g Y4 : National Oceanic and Atmospheric Administration
A :

o
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Achieving the Vision: 2 - Geopotential Datum

NATIONAL GEODETIC SURVEY

replace NAVDS88 with new geopotential datum - by 2018
gravimetric geoid-based

prove that 1 cm geoid is achievable (or why not)

produce most accurate continental, gravimetric geoid model
determine gravity with accuracy of 10 microGals

North Pole to Equator; Attu Island to Newfoundland
monitor time-varying nature of gravity field

support both orthometric and dynamic heights

develop transformation tools to relate to NAVDS8S8

P,
74 o
§V§ National Oceanic and Atmospheric Administration
A .
& &f
q"’aa:g__o‘




NADS83 State Plane Legislation

Letters of Request from:
e UT Council of Land Surveyors

e UT Department of Transportation
e UT Automated Geographic Reference Center

il &

International Foot = .3048 meters
US Survey Foot = 1200/3937 meters

<

NAD 83 Legislation

[ ] No NAD 83 Legislation
|:| Foot Conversion Not Defined
- International Feet Defined
- U.S. Survey Foot Defined

Map Created
January 15, 2008

N.T.S



The “Scorecard” - =
Government Performance & Results Act (GPRA)

NATIONAL GEODETIC SURVE!

e 9% of US counties rated as fully enabled or substantially enabled

with accurate positioning capacity

FY 2004 Target
Measure ibaseline)  2(45 2006 2007 08 2009 2010 2011




National Geodetic Survey State Advisors

[] Apbvisor
I iNTEREST
[ state ree.

' ADVISOR
& STATE REP.

(£ _
U.S. Virgin Islands

Hawaiian Islands ' e
. &
Puerto Rico



